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[57] ABSTRACT 
An electronic motor starter for use with a single-phase 
induction motor in which the hysterisis width can be 
adjusted in the range of 75 volts by providing for the 
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ELECTRONIC MOTOR STARTER 

BACKGROUND OF THE INVENTION 

This invention relates to electronic motors, and par 
ticularly to electronic motor starters or voltage type 
electronic relays for starting the single-phase induction 
motors which substitute for conventional centrifugal 
switches, mechanical voltage relays and current type 
starting relays. 
A voltage type electronic relay for starting a single 

phase induction motor is disclosed in US. Pat. No. 
4,605,888, in which an electronic avalanche type tran 
sistor is used. The electronic relay of U5. Pat. No. 
4,605,888 has a drawback in that the time constant must 
be reestablished as the amplifying degree of the ava 
lanche transistor and the avalanche voltage vary for 
each production lot of the transistors. The relay also has 
the disadvantage that it cannot maintain a steady motor 
starting function where the line voltage variation is 
great, making the voltage compensation impossible 
because the relay has only about a 30 volt hysteresis 
width. 

SUMMARY OF THE INVENTION 

It is not an object of the present invention to provide 
a semi-permanent electronic motor starter for use with 
a single-phase induction motor in which the hysteresis 
width can be adjusted in the unprecedented range of 75 
volts which is greater than half the power voltage by 
providing for the control of the positive feedback char 
acteristic of NAND gates and a strength of input signal, 
thereby achieving an excellent starting characteristic as 
well as a superior productivity. In addition, the motor 
starter produces no arc and is semi-permanent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows the preferred embodiment of the elec 
tronic motor starter according to the present invention. 
FIG. 2 shows another embodiment of the invention 

' using NOT gates. 
FIG. 3 shows another embodiment of the present 

invention using NAND gates and a photocoupler. 
FIG. 4 shows a further embodiment of the present 

invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIG. 1, the electronic motor starter 
EMS has terminals T1 and T4 connected to an AC 
voltage source. The AC voltage applied to the terminal 
T1 is ?rst recti?ed at a recti?er circuit 7 comprised of a 
diode D2 and a ?lter capacitor C4 and then supplied via 
resistor R9 to a secondary winding of a pick-up coil PC 
for triggering the gate of a triac connected between 
terminals T1 and T2. The recti?ed voltage is also ap 
plied to a gate powering circuit 8 where it is set by 
distribution resistors R7 and R8, and passed through a 
?lter capacitor C2 to provide a source voltage Vcc for 
the NAND gates M3 and M4 of oscillator circuit 11 and 
M3 and M4 of hysterisis adjusting circuit 10, which will 
be described hereinafter. The gate powering circuit 8 
includes a zener diode ZD connected in parallel to the 
resistor R8 to prevent the overvoltage of the power 
supply. 
The terminal T2 is connected to a starting winding 

W3 of a single-phase induction motor via a starting 
capacitor SC, and the starting winding W3 is in turn 
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2 
connected to the terminal T4 and to a power source 
input L2. A terminal T3 is connected to the junction 
between the starting capacitor SC and the starting 
winding W3. Across the starting winding W3, the ter 
minals T3 and T4 are connected to a voltage detection 
circuit 9 which is comprised of a diode D1, resistors R1 
and R2 series connected to the diode D1, and a capaci 
tor C1 connected to the junction of the resistors R1 and 
R2. The voltage detection circuit 9 receives and ?lters 
signal voltages applied thereto and provides an output 
via a hysteresis width adjusting resistor R3 to the input 
of the NAND gate M1, which comprises with the 
NAND gate M2 the hysteresis width adjusting circuit 
10. The output of the NAND gate M2 is positive fed 
back through a resistor R4 to the input of NAND gate 
M1 to increase the hysteresis width. 
The output of NAND gate M1 is applied to one input 

of the NAND gate M3, which is included in the oscilla 
tor circuit 11 and connected with the NAND gate M4, 
the output of NAND gate M4 being negative fed back 
through a capacitor C3 and a resistor R5. The output of 
the oscillator circuit is connected through a current 
limiting resistor R6 to the base of a transistor TR having 
a collector connected to the secondary winding of the 
pick-up coil PC and an emitter connected to ground. 

Referring to FIG. 2, another embodiment of the elec 
tronic motor starter according to the present invention 
is shown. This embodiment differs from the previous 
embodiment in that NAND gates M1, M2, M3 and M4 
are replaced by Schmitt NOT gates G1, G2, G3 and G4 
so that the hysteresis adjusting circuit has a broader 
hysteresis width, and in that the oscillator circuit com 
prises diode D3, capacitor C3, and inverter G3 which 
are connected to each other so as to be fed back through 
a resistor R5. ‘ 

Referring to FIG. 3, another embodiment of the elec 
tronic motor starter according to the present invention 
is shown. This embodiment differs from the ?rst em 
bodiment in the method of triggering the triac. The ?rst 
and second AC terminals of a diode bridge BD are 
connected to the AC terminal T1 through resistor R11 
and to the triac’s gate terminal. The triac’s gate terminal 
is also connected to terminal T2 through resistor R10. A 
photocoupler is connected between the first and second 
DC terminals of the diode bridge with resistor R12 in 
series. A thyristor SCR is connected in parallel with the 
photocoupler between both DC terminals of the diode 
bridge with its gate terminal connected to the collector 
terminal of the light receiving transistor. The light emit 
ting diode of the photocoupler is connected to the out 
put of NAND gate _ N4 with its cathode terminal 
grounded. 

In FIG. 4, another embodiment of the electronic 
motor starter is shown. This embodiment differs from 
the ?rst embodiment only in that resistor R10 and ca 
pacitor C6 in parallel to each other are connected be 
tween the triac’s gate terminal and the triac’s cathode 
terminal in parallel with the primary pick-up coil, and 
that one terminal of the secondary pick-up coil is con 
nected through capacitor C5 to the output of NAND 
gate M4 with its other terminal grounded. At start-up in 
this embodiment, the high frequency output of NAND 
gate M4 is directly applied through coupling capacitor 
C5 to the secondary pick-up coil. The induced voltage 
across the primary pick-up coil triggers the triac. 
The single-phase induction motors generally com 

prise operating windings W1 and W2 and starting wind 



4,967,131 
3 

ing W3, which conducts when the motor is started to 
provide a starting torque and then returns to the off 
state during the operation of the motor. The device 
which turns on the starting winding before the start of 
the motor and thereafter turns it off is called a centrifu 
gal switch or starting relay. The switch that turns the 
starting winding on and off by the centrifugal device 
moving in proportion to the motor speed is called a 
centrifugal switch or governor switch. 
The present electronic motor starter employs an in 

duced voltage across the starting winding as a signal 
voltage for controlling the on/off state of the starting 
winding based upon the proportion characteristic be 
tween the motor speed and the starting winding volt 
age. 
The embodiment of FIG. 1 is applied in the most 

common 110 V/220 V capacitor-start induction motor 
having primary windings W1 and W2, primary winding 
terminals 1-4, and starting winding terminals 5 and 6, 
which are connected to the motor starter terminals T1 
and T2, respectively. The source voltage, for example, 
AC 110 volts, is fed into the terminal T1 which leads to 
the triac, terminal T2, starting capacitor SC, starting 
winding W3, and terminal T4 and returns to the source 
terminals L1 and L2. 

Accordingly, when the source voltage is supplied it is 
distributed through the series starting capacitor SC and 
starting winding W3 on the basis of their reactance 
ratio. A voltage across the starting winding W3 is ap 
plied to the voltage detection circuit 9. A voltage recti 
?ed from diode D1 is distributed by the variable resistor 
R1 and the ?xed resistor R2. A half-wave voltage pres 
ented across resistor R2 is ?ltered by capacitor C1 and 
then applied to the hysteresis adjusting circuit 10. The 
NAND gates M1 receives the ?ltered half-wave volt 
age through variable resistor R3 which controls the 
hysteresis width. 
At start-up, the voltage across resistor R2 is low so 

that a low level signal is applied to the input of NAND 
gate M1. Accordingly, NAND gate M1 outputs a high 
level signal which activates the oscillator circuit 11, 
which in turn controls the transistor TR through resis 
tor R6 of the trigger circuit 12 so that a pulse signal is 
generated from the pick-up coil PC. The pulse signal is 
applied to the triac’s gate so as to turn on the triac. This 
supplies the starting winding W3 with an electric cur 
rent to start the motor and to increase the motor speed. 
When the motor reaches a ?rst predetermined speed, 

e.g. about 70% of synchronous speed with the supply 
voltage of 110 volts, the induced voltage across the 
starting winding may be raised to about 125 volts. Once 
the voltage detection circuit 9 detects such an induced 
voltage increase, it produces a high level signal to the 
input of NAND gate M1 through variable resistor R3 
for controlling the hysteresis width. Accordingly, 
NAND gate M1 outputs a low level signal to the oscil 
lator circuit 11, which then stops oscillating thereby 
turning off the triac. Thereafter, the starting winding is 
electrically disconnected from the motor’s circuitry, 
allowing a normal operation of the motor. Although the 
starting winding is effectively removed, the starting 
torque initially produced allows the motor to reach 
synchronous speed by the flux created in the main wind 
mg. 

In normal operation, the output of the NAND gate 
M1 remains low as well as the input to NAND gate M2 
so that the output of the NAND gate M2 becomes high 
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4 
and is fed back to the NAND gate M1 input, resulting 
in an electrical latch state of the hysteresis circuit. 

If the motor is subjected to an overload condition 
wherein the rotor is locked against rotation, the starting 
winding will be returned to its former condition in 
which it is supplied with about 50 volts by the source 
voltage only. The voltage decrease across the starting 
winding W3 in turn decreases the voltage across the 
resistor R2, causing the input of NAND gate M1 to 
become low. This releases the latch state of the hystere 
sis circuit 10 and the NAND gate M1 produces a high 
signal which operates the oscillator circuit 11 to turn 
the triac on, starting the motor again. Thus, the elec' 
tronic motor starter of the present invention provides 
steady operation of the motor even where voltage vari 
ation is great because it has a broad hysteresis width on 
the order of 75 volts between 50 to 125 volts, as de 
scribed above. 
The power circuit of the motor starter will be de 

scribed in detail hereinafter. The power circuit has 
rectifying section 7 which is connected to the motor 
power source to produce a recti?ed half-wave voltage 
for activating the pick-up coil PC. When activated, the 
pick-up coil PC generates a pulse to trigger the triac. 
The power circuit further comprises the gate powering 
section 8 which is connected to the rectifying section 7 
and is fed therefrom to provide a steady voltage source 
for each gate. The preferred zener diode ZD of the gate 
powering section 8 has its' rated voltage of 15 volts 
which is much greater than the gate source voltage. 
The zener diode ZD serves as an arrester which assures 
that the source voltage Vcc for each gate be limited to 
15 volts when an overvoltage is introduced from the 
motor power source. 
When the resistances of the distribution resistors R7 

and R8 are chosen so that the source voltage for each 
gate normally becomes 6 volts, the reference input volt 
age to the NAND gate M1 of the hysteresis circuit 10 
may be varied as well as the gate feeding voltage which 
is proportional to the possible supply voltage ?uctua 
tions, and therefore a voltage compensation is achieved. 
The embodiment of FIG. 2 is similar to that of FIG. 

1 except that the hysteresis adjusting circuit and the 
oscillator circuit are comprised of a Schmitt circuit 
having NOT gates instead of NAND gates, and there 
fore the description of the operation will not be given 
again. 
The embodiment of FIG. 3 similarly comprises the 

voltage detection circuit, the discriminator, the feed 
back circuit and the hysteresis adjusting circuit but it 
has a triggering circuit having a photocoupler, thyris 
ter, and diode bridge which in combination trigger the 
triac when the motor starts. 
When the motor reaches a predetermined speed and 

the induced voltage across the starting winding is in~ 
creased, the combination of NAND gates N1 to N4 
produces a high signal to operate the photocoupler 
PHC. The photocoupler then turns the thyrister off, 
causing the triac to be turned off to disconnect the 
current from the starting winding. Then the motor op 
erates normally. 
The embodiment of FIG. 3 also includes to diodes 

connected to the cathode of the thyrister SCR for im 
proving the off characteristic of the thyrister, a resistor 
connected between the NAND gates N3 and N4 for 
providing greater stability when the gates change their 
outputs, a capacitor connected between the diode D1 
and the resistor R1 for preventing any adverse effect 
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due to the noise introduced when the motor starts, and 
a ?lter capacitor connected between the NAND gates 
N1 and N2 for stabilizing the signal input voltage. 

In the embodiment of FIG. 4, the triac is triggered in 
another manner in which the high frequency output of 
the NAND gate M4 is fed through a coupling capacitor 
C5 into the primary pick-up coil and a transformed high 
frequency signal of lower voltage at the secondary 
pick-up coil is supplied to a capacitor C6 and a resistor 
R10 connected in parallel between the secondary coil 
and the triac thereby triggering the triac. This embodi 
ment eliminates the transistor TR, resistor R9, and ca 
pacitor C4 used in the ?rst embodiment for the simpli? 
cation of the starter circuit. 
As described above, the present invention provides 

an electronic motor starter having an excellent starting 
characteristic wherein the hysteresis width may be ad 
justed over a range of 75 volts, which is greater than 
half the power voltage, by providing for the control of 
a positive feedback characteristic of NAND gates and a 
strength of the input signal, thereby allowing a safe 
operation of the starter speci?cally in a poor power 
source facility with large voltage ?uctuations. 
What is claimed is: — 

1. An electronic motor starter for use with a single 
phase induction motor having a starting winding com 
prising: 

a triac having a ?rst terminal connected to a motor 
power source, a second terminal connected to the 
starting winding, and a gate terminal; 

a rectifying means (7) including a ?rst diode (D2) 
connected to the ?rst terminal of the triac and a 
first capacitor (C4) for rectifying the power source; 

a gate powering means (8) having ?rst and second 
distribution resistors (R7) and (R8) connected to 
the rectifying means, a Zener diode (ZD) and a 
?rst ?lter capacitor (C2) each connected in parallel 
to the second distribution resistor (R8) to supply a 
gate powering voltage; 

a signal voltage detecting means (9) across the start 
ing winding having a second diode (D1), third and 
fourth distribution resistors (R1 and R2), and a 
second flter capacitor (C1); 

a hysteresis adjusting means (10) including a hystere 
sis adjusting resistor (R3) connected to the junction 
of the third distribution hysteresis adjusting resis 
tors (R1 and R3), ?rst and second NAND gates M1 
and M2 and a feedback resistor (R4); 

an oscillating means (11) connected between the ?rst 
and second NAND gates (M1 and M2) including 
third and fourth NAND gates (M3 and M4), a ?rst 
resistor (R5), and a second capacitor (C3); and 

a trigger means (12) comprised of a second resistor 
(R6) connected to the output of a fourth NAND 
gate (M4), a transistor (TR) having a base terminal 
connected to the second resistor (R6), an emitter 
terminal connected to ground and a collecter ter 
minal, and a pick-up coil (PC) connected among 
the emitter terminal of the transistor (TR), the 
rectifying means (7) and the gate terminal of the 
triac, whereby the pickup coil (PC) initially acti 
vates the triac to electrically connect the starting 
winding until an induced voltage across the wind 
ing reaches a predetermined value and thereafter 
deactivates the triac to disconnect the starting 
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6 
winding from the motor circuitry allowing a nor 
mal operation of the motor. 

2. An electronic motor starter for use with a single 
phase induction motor having a starting winding com 
prising: 

a triac having a ?rst terminal connected to a motor 
power source, a second terminal connected to the 
starting winding, and a gate terminal; 

rectifying means connected to the ?rst terminal of the 
triac for rectifying the power source; 

means connected to the rectifying means for supply 
ing a gate powering voltage; 

means for detecting a signal voltage across the start 
ing winding, said signal voltage detecting means 
having an output; 

means for adjusting the hysteresis width comprising a 
hysteresis adjusting resistor coupled to the output 
of said signal voltage detecting means, ?rst and 
second gates connected in series and a feedback 
resistor connected between an output of said sec 

' ond gate and an input of said ?rst gate; 
oscillating means comprising third and fourth gates 

connected in series, an input of said third gate being 
coupled to a junction between said ?rst and second 
gates; 

means connected to an output of the fourth gate for 
triggering the gate terminal of said triac, 

whereby the triggering means initially activates the 
triac to electrically connect the starting winding 
until an induced voltage across the winding de 
tected by said signal voltage detecting means 
reaches a predetermined value and thereafter the 
triggering means deactivates the triac to disconnect 
the starting winding from the motor circuitry, al 
lowing a normal operation of the motor. 

3. The electronic motor starter as de?ned in claim 2, 
wherein each of said gates is a NAND gate. 

4. The electronic motor starter as de?ned in claim 2, 
wherein each of said gates is a Schmitt NOT gate. 

5. The electronic motor starter as de?ned in claim 2 
wherein said triggering means comprises a pick-up coil 
connected to the gate terminal of said triac. 

6. The electronic motor starter as de?ned in claim 5, 
wherein said triggering means further comprises a tran 
sistor having a base terminal coupled to the output of 
said fourth gate by way of a resistor, an emitter terminal 
connected to ground, and a collector terminal connec 
tor to a secondary winding of said pick-up coil. 

7. The electronic motor starter as de?ned in claim 5, 
wherein said triggering means further comprises a resis 
tor and a capacitor connected in series with a primary 
winding of said pick-up coil across said second terminal 
and said gate terminal of said triac. 

8. The electronic motor starter as de?ned in claim 2, 
wherein said triggering means comprises a diode bridge 
having a ?rst terminal coupled by a ?rst resistor to said 
?rst terminal of said triac and a second terminal coupled 
to said gate terminal of said triac, a light receiving tran 
sistor of a photo coupler connected in series with a 
second resistor across third and fourth terminals of said 
diode bridge, a light emitting diode of said photocopier 
being coupled to the output of said fourth gate, and a 
thyristor connected in parallel with said light receiving 
transistor across said third and fourth terminals of said 
diode bridge, said thyristor having a gate terminal con 
nected to the collector terminal of said light-receiving 
transistor. 
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